Zn2+ > Cd2+
Introduction
A survey of the relevant literature indicates that the selectivity pattern of the exchange reaction involving ferric phosphate1-2 has not been well understood. Apart from the practical utility of selectivity for the purpose of chemical separation, an understanding of the factors contributing to the selectivity pattern is of considerable theoretical interest.
With the object of gaining an insight into the selectivity pattern of ferric phosphate, the sorption behaviour under static conditions on ferric phos phate of a few metallic complexes of identical formal charge but different sizes and shapes, such as ammine complexes of Cu2+, Ni2+, Zn2+ and Cd2+ has been investigated. The study includes the following aspects of the sorption process:
(i) Dependence of qA (equilibrium uptake of A) and Kd values on concentration of the exchanging ion in the external solution.
(ii) Selectivity quotient (KA) as dependent on the concentration of the competing ionic species A and B.
Experimental
M ethods and m aterials
All the chemicals used, uless otherwise stated, were of A. R. quality. Doubly distilled water was used for the experimental work, all throughout.
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Preparation of ferric phosphate
The material was prepared by the method described by K o b a y a s h i 3, and the washed precipi tate was dried at 65 ^ 5 °C. The ratio of Fe/P when quantitatively analysed was found to be equal to 0.66.
Preparation of the m etal-am m ine complexes
Ammine complexes of the metals were prepared by dissolving appropriate quantities of water soluble metal salts in aqueous ammonia containing am monium chloride ([buffer]: [metal] = 10:1). The pH-measurements were all carried out with the help of an Elico pH meter in conjunction with a Beckman glass electrode. For the adjustment of pH of the reaction mixtures, aqueous solutions of ammonium hydroxide (1:4)/sulphuric acid (1:4) were used.
Temperature
All the experiments were carried out at a tem perature of 25 ^ 2 °C, in a room, provided with a 'Crystal' (Voltas) airconditioner.
Determ ination of qA and K d values
A sample of 250 mg of the ferric phosphate was introduced into a stoppered conical flask containing 25 ml solution of the exchanging complex ion of specified composition and pH values; the mixture was shaken mechanically for four hours, during which the equilibrium was attained. 10 ml of the clear supematent solution was pipetted ou t; and its cationic content was determined complexometrically4, using 0.02 m EDTA in conjunction with Eriochrome black-T (for Zn2+ and Cd2+) and murexide (for Cu2+ and Ni2+). Knowing the initial and equilibrium concentrations of the metal ion in 
in which Kd = Coefficient of distribution, X = % amount of the exchanging ion present in the equilib rium solution, V = volume of the solution in ml, and m = quantity of the exchanger in grams.
D etermination of the selectivity
Stock solutions containing equimolar quantities of the two exchanging ions and appropriate amounts of buffer ([metal]: [buffer] = 1:10) of specified pH (8.5) were prepared.
Determination of K%
For the determination of selectivity of the exchanger towards pairs of ions Cu(II)-Zn(II), Cu(II)-Cd(II) and Cu(II)-Ni(II), 250 mg of the exchanger material was equilibrated with 25 ml of the stock solution, as before. Total quantities of the competing ions in an aliquot of the supernatant solution was determined complexometrically4 using 0.02 (EDTA solution in conjunction with 'PAN' (for Cu2+-Z n2+ and Cu2+-Cd2+) and murexide (for Cu2+-N i2+); its copper content was determined iodometrically6 in each case in a separate aliquot. From the two determinations the individual con centration of the two ions in the solution and the solid phase at equilibrium was calculated, from the difference. The selectivity quotient e.g. K^ was then calculated by the relation-:
[Zn2+]
Results and Discussion A close examination of the results present in Tables (I-IV) brings out the following interesting points which need interpretation.
A . qA and K d values
(i) qA and Kd first increase with the increase hi the concentration of the exchanging ion up to a certain limit i.e. 0.02 M and then decrease.
(ii) In the ammine series of complex ions, qA for Zn(ammine) is the maximum, the decreasing order of qA being:
Zn(amm.) > Cd(amm.) > Cu(amm.) >Ni(amm.)
B. Selectivity quotients (i)
The selectivity quotients which were measured under comparable experimental conditions and at the specified pH (8.5) parallel the order of equilib rium sorption values (Tables II-IV) . where the barred quantities refer to the equilibrium concentrations in the solid phase and the others to those in the solution. (ii) In general, selectivity of the preferred ion is adversely affected by an increase in the concentra tion of the exchanging ions (Tables II-IV ) .
Probable mechanism for cation exchange reaction in ferric phosphate may be represented as
P-OH----------OH2 + M+ ^ P-0--M + + H 30+
It is presumed that the presently observed sorption of complex metal ions occurs by the suggested mechanism in which the dipositive complex ions are exchanged for two hydrogen ions. The observed decrease in the equilibrium sorption beyond the external concentration 0 . 0 2 m is presumably due to the possible lowering of the ionic activity at higher concentrations. A diminu tion of activity coefficients at higher concentrations is generally well known8. In order to understand the variation of equilibrium sorption values with varying nature of the exchanging ions and the ligands it is necessary to bear in mind that the exchanging ions, being coordinated complexes, are appreciably larger than the corresponding uncomplexed species; consequently they are expected to be free from hydration effects in aqueous solution. Further, the complex ions being of different symmetry have different sizes although the formal ionic charge is the same in all cases. Thus assuming that the complexes are not hydrated the ionic potential9 '0 ' (charge/radius), which determines the basicity characteristics of the ions, would vary with the size. A close look into the observed data under varying experimental conditions, leads us to postulate that, other facts remaining the same, equilibrium sorption of the ions is dependent on the ionic potential (0); the higher the value of O, the greater is the quantity qA. In the light of the postulate the observed variation of equilibrium sorption of ions may be examined. The ammine series of metal complexes have identical formal charge, but in the absence of definite knowledge as to the structural data of the complex species in aqueous solution, it may not be unreasonable to make some qualitative estimation of the complex ionic size on the basis of the known symmetry10 and the crystallographic covalent radii11 of the central metal atoms (tetrahedral, Zn(II) - Because of the known difference in the symmetry of ammines10 the dimension of the simple ions will not, however, solely determine the size of the complex species. Obviously the tetrahedral sym metry involves a more compact structure than either of the square planar or octahedral symmetries; in the light the expected order of ionic radii of the ammine complexes would be:
Zn(tetrahedral) < Cd(tetrahedral) < Cu(square planar) < Ni(octahedral).
Consequently the &-values will be in the reverse order i.e. Zn(tetrahedral) > Cd(tetrahedral) > Cu(square planar) > Ni(octahedral); which is in agreement with the observed increasing order of qA (maximum values).
